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INTRODUCTION

The Rocky Flats Plant (RFP) historically existed as a complex that machined
plutantum for wespans material beginning in the 1950, This machining left plutonium
contaminsted oil as & by-product, for which no dispssal option sxisted. The waste was
inntend stored in sieel barrels at an outdoor location sast of the plant, now known as the 803
ares. Gradual chemical corrosion of the barrels resulted in leaks of plutonium to the ground,
contaminating the sofl and maling that contamination available for transport offisite by
environmental conditions. For a complete summary of the histery of the 803 area, refer to
the Radiological Assessments Corporation (RAC) Rocky Flats Plant 803 Area Plutonium
Source Term Development Report (Meyer, ot al., 1898),

Since plutonium has been recognized to be a hazard o humans when internaliaed,
the affsits movement of the material by wind events is especially hazardous. The
resuspension of plutonium into air and the inhalation of that air is of significant concern
from a human dose perspective. Conmderation ulso needs to be given to the dose that would
be delivered to a person ingesting plutonium contaminated soil.

In order to deal with thess questions and a number of other concerns that have
wrisen during the Phase 1T study being conducted by RAC, an internctive tool has been
developed to make caleulation of dose from m source like the 803 area simple to follow and
understand. This 808 ares dosimetry spreadshest also compares & number of different
aspects of doss that become a part of the different scenarion considered in a doss calculation.
The purpose of this exercise in to sttempt to rule out potential pathways that don't contribute
significantly to doss or to eliminate unnecessary use of the scenans concept on details that
nre not representative of o typieal populstion dose.

SPREADSHEET LAYOUT
Meteorological duts

The spreadsheet uses wind and westher data that was collected al the Jeffernon
County (JeffCo) airport during » time period of interest, in this case, the month of January
1960 (U8, Dept. of Commeree, 1968), The data includes Julian dste (or day of the year in
numerical form, from 1-365), the time of the dav (in military time), the wind speed (mf),
wind dirsetion {direction the wind comes from in degreea from north), the insolation class (s
function of degres of cloud cover and salar effecta), the stability cluss (& function of cloud
cover, wind conditions, and ceiling height), whether the time of day is designated as dny or
night, the gust speed (m/s), and the minutes per hour of interest that gusts eccurred. In ita
current form, the spreadshest uses a constant value for the minutes per hour gusty, but this
oan ensily be altered for any hour by simply changing the value in the appropriste call.

Hesuspension eods
The term used to describe the mechaniom for particles located on the ground
becoming airborne is called resuspension. Wind-driven resuspension is of primary soncern

for this atudy, so an algorithm which accurately describes the resuspended source of particles
available for downwind traoaport above the contaminmated area is needad,
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Resuspanuion has ling been studivd as a sub-topic of the larger research intarost of
ercaion. Hesospension, however, deuls with particles small enough and light ensugh to
remaln mirborne for some period, where erosion is conesrned with the larger problem of tota)
#ofl removal from an ares by any mechanlem  An obstecle b prodieting repuepension s that
it in fnrgely depondent oo the makeup of the surface of interest and the wind and weathar
conditions presant. The best resuspension predictor studies for any set of conditions would
bt condducted under identical conditions to those present during the periad to be modsled, In
the nbeence of a study with the exsct conditions reproduced, one must rely oo the best
science availably within the limitations of the information which ran be obixined on the ares.
If limited data is available, (b makes Hittle sense to use a complex modal that will enly semve
i increase the uncertainty of the snewers, when & simpler model can be used with a higher
degree of certainty.

A straightforward approach to resuspenaion was developed by Porch (Porch, 1578)
and made usesble with n Hewleti Packard pocket caleulsior through collaboration with
Oifford | Gifford und Poreh, 1683). ‘This code, known as GAUS1, han been adapted into »
spreadahest caleulation for use here. The calculation is based upon & number of
ropuspension trocer sxperiments cotiducted ot various sites sa well o sctual stodies of
radiactive particle resuapension, with platoniom in particolar, so this code lends iteslf wel)
to uee it thin spresdahsst [n addivon, the code la eery partabls and easy to anderstand.
This banic elaments of the code have been previously described in a RAC Technical Memao
{Waber, 1886),

A number of parameters are required an ingpot into this code as described in the
fallowing summery,

The soil type can be defined as the best spproximation smang the four choioes of sail
available: sand, loam, clay, and snow. In the spreadshest there 9 & call which takes the soil
type a2 Bn input and retems the uppropriate parameter valose to all cells which wre affected
by this choice. These cells include those labeled c1, ¢2, and Fo. Theie are cells which
describe the powers and multipliers used to determine the frictional velocity of the surface
from which the particlas will be resuspended.

The mren of intereut is als an input paramoter, The approximoate area of the 503 pad
i 0.014 km?. The roughness coeificient is doterminesd by the ground cover, using values of
0.0028 for bare sail cover, 0.0042 for low vegetation, and 0.00562 for high vegetation. The
addition of this variabls into the calculation is done in o way that is non-intuitive in that
ponree term actually increases with increased vogetative cover, A logical interprotation of
this pround cover would heve sourcs term decressing under thess cnditions, as perticles on
thi ground would be less syailable to be resuspanded due to the interference of the
vegutation. But GAUS! assumes that particles deposited on vogetated ground will actually
be MORE available for resuspension since they will be located on leaves and stoms and not
eonnected in same way (o the soil. This assumption la debatable, but does not bepome &
factor for thia ealeulation aince the 903 area consbats primarily of bare soil cover, snd thal
value i used sxclusively in the caleulstion.

The GALUS1 code does an effective job of calrnlating basic resuspension, but it relies
on the user being able to delermine the surface toncentration of suspendible toc particlss,
This means that it is necetsary to dolermine not anly the total fraction of suspenditils
material present, bot also what portion of thodse mspendiblls particles nre sssociated with
toxse matesial, in this case, plotoniom. The conssrvative sstimate would involve determining
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the total mass of plutonium released to the 803 area and sswuming all of that plutenium 1o be
msaocintod with suspimdible particles. The particle size distribution st the 863 aron has been
the subject of numerous studies st various timas. No utudies of this nature wore dene during
mmemummm.wmuwwﬂmmmmm
mmmmwmmmmwm-mﬂm. At the
Hmn{mmﬁmuflﬂnpm.n?ﬂuﬁrnﬂmhmﬁuﬂmhdmuhw An
# result, the valuo which appears in the spresdshest is arbitrary. Since this valus is wsed i
m-mmhm;uhhﬁm.uﬁuuwMHhuwmmnu effoct on the relative
value of the doses to one another.

ﬂ‘ntﬂﬂhupﬂwmﬂ!npmnfﬂummlmduilﬂuﬂlduhdlrﬁﬂrwithuﬂ
effects of wind gusta, Though suspension is primarily wind driven, it is dominated sven more
exclusively by extremaly high wind conditions. The 903 ares has boon much a foous of
mmmmﬂmm-mmnwmmm are frequonily
moasared along Colorado’s Pront Range. The high wind spesds commaon st the RFP and
Mnmﬂdﬂ:hﬁmupﬂnﬂﬂmmmmmmm
mhnnfﬂmbmmth-uwuiﬂﬁmhuumhhjuw. GALIS] takes into secount
num]yﬁuwdﬂthwhd:mmm:myhm.hulﬂummmm
which those gusts oceur during an hour of interst. A particularly gusty hour would result in
lmﬂd\%“ﬂmﬁmhumwﬁm“mmﬂﬂ

The output of the GAUS] code is source torm, s mensured in grams of toxic particlos
reguspended per secomd, The source term in the spreadsheet has been caleulsted both with
-nm:mmumhmmmmmuﬁ-mmlmﬁuﬁn
which deals with pusta mmmm-mﬂewmduﬂmmm
hlwnlhrwuthhmnnlhdmtulpuwhﬂm For the air disperwion code
wmthmmthimhunihnfmnfmw
mﬂdmmﬂmmmu{mwﬂhhm To do this,
the soarce term ie simply divided by the total area subject to contamination,

Alr disparsion model

ﬂuhﬁwﬁdmmnumhmmmdhmhuhnﬂmWHudnmdud
Gravusian Plumes modal. mmnupumwm&mﬂudhmhm-uhmhthﬁ
eulculation is an ares as opposed to & paint source.

Thuﬂimuﬂmmnd-lhwﬁnmnnﬂmﬂﬂmmuihd‘pnfwhhhh
resident to the spresdaheet. The mocro operated in a similar fashion ts any function in
Excel. 1t in ealled by typing an equal sign followed by the name of the function, The function
has a parameter lint which must follow the name tn order for the function to use tho
approprinte valuss for ealeulation of the final sir concentration. Thase parnmaters in order
of lnput are releaso rato (g'mia), dmmddilhnufm!,mwlnddutlnmlml,nm
hullhtfmj.-tndlw-dlwhj.rﬂmhnlﬁutm.mlﬂuh-irhtm}.mdhlmﬁhufmr
#ide of the area source (m, assuming s squire nrew), The 803 area is not exactly & square,
but is rather close, so the average of the lengths of the four sides is ussd ua the length of one
mide of the sguare.

hunhdthwﬂ.whhhul:ﬂ-!ﬂnrmmm.thdhmmﬁﬂm
hﬂw:hmqppﬂninthut-rm“wm-mmm&wlﬂmﬂ
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Exeol functions in any way. The funetion ean be located by using the function wizard and
Inoking undsr user definsd functions for the ons entitled “gaun®,

The nir concentration is aalmiated at o location defined hesed upon the wind
directian. The wind direction in the meteorclogical dats is given as the direction the wind is
eaming from in degresa from north. The predominant wind direction at the RFF in coming
out of the mouritning from the west. [n degrees from north as presentsd in the JoffCo data,
this would correspond to an angle of 270 degrees.

Tha funetion is writtan to accopt o downwind distance (x) parallel to the wind
direction and a croaswind distance (y) perpandicular to the wind direction. I the wind
direction were 270 degroms, and the desired location for the air concantration ware 100
meters directly sast of the plant, the appropriate coordinates for x and y would be 100 and 0,
respectivaly.

Unfortunntely, the wind doss not always blow in the asmes direction. In order to
determine the dose 100 moters directly eant of the plant, it is pecessary to dotermine the =
and ¥ components of the vector which designates the wind direction. This is done using
Pythagoreun'y theorem with a constant adjscent nide length of 100 meters and one angle of
the right trizngls determined using the wind direction from the met duta.

For application to the air dispersion caleulntion, the wind directions sre separated
into 16 different wind sectors, the wind speeds nre separated into six differsnt classes, and
the stability classes are also separated into six different classes. This allows the setup of &
juint probability distribution which makes it possible to determine air concentration in any
ong of the 16 different sectors based upon the wind speeds given. A complote summary
explnining this technique appear s Appendiz A

The air concentration has also been delermined at o distance of 1000 meters from the
908 sren. The calculations which show the difference that directional location makes in
determining dose can be assumed (o show & similar relationahip to one another ae that which
will be seen over the entire time span that will be medoled for the 803 area. This i because
thi wind spesds and wind directinns uied in this ealeulstion actuslly came from & locstion
elose to the site, and the conditions observed during January 1968 nre a good representation
of many of the extremes which can be sesn st the plant

Radiotoxicity of soil

Since the soores term in given in units of grams of tooc particles reloassd par second,
it i necessary to tranalite that valus into a toxic particls activity, Based upon knowlsdgs of
the plutonivum leaked at the site, a value which is representative of the 903 ares toxicity will
eventually be detormined. For tho time being, an arbitrary value is used. Since this valus is
just & constant used s & multiplier for every caleulation, it has no effect on the dose leveln na
they are shown melative to one ansther.

Activity inhaled and breathing rate

Dbwioualy, n ey factor in determining dose from inhelsd toxic particles is the rate st
which said particles are inhaled. The inhalation or bresthing rate depends both an setivity
level and available lung volume, so bresthing rate tends to incresss an & parson agsn.
Though men have o slightly lurger lung eapacity than woman, the difference in breathing
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rate s negligible, so all adults are tronted the smme in the spreadaheet, using a breathing
rate that fa actusily the sverage of the sccepted male and female valuss. The rales used
sppear in the spreadsheet, and ara reprinted from the RAC report an plutenium risk faciors
currently in review (Grogan, Sinclair, and Veillequé, 1996),
mmwmﬂhmmwmmmmmmmﬁmwm
radiotoxicity factor multiplied by the breathing rate. Activity inhaled is caloulited for each
distance, sach age, and for gust anid pon-gust conditions. For an adult, two sctivity
inhalation levels are calculated. The luborer value is & worst cass calculation: for someons
who inhales air st the high breathing rate 24 hours a day. The 12 hour Isborer valuss only
uss the high rate from 6 am i & pm and the sedentary rate during the remaining heurs.

At the bottam of each of the activity inhaled columns, & cell exists which sums the
total activity over the month. This cell is then multiplied by the appropriats dose canversion
farter, which also changes with age. The effective dose decrensea as body size increascs since
the radiation dose to the body per unit intake would be affectad by a body size incroase,
docreaning the dose per (ntaks of particle, Thess valuss come from JETRP 56 (1989) and are
mhmud&mhphw.ﬁmﬂlknwﬂmmﬂlmh&.mdﬁﬂhqm. 1986

The final value in each column taken the dess oblained and multipliss it by an
arbitrary valie of 1012 to convert the dose to numbers thet arv easier to understand and
compare (o goe another,

Deposition velocity

ﬁu@hﬂﬂmhnﬁﬂduhnﬁdﬂpﬂhﬁﬂhmmmum
nﬂ.ﬂhlmpm'tlulhlhmthldjﬂmmdmhﬁdlmdndﬁmhhﬂlﬁmmdﬁm
potantial ingestion of phutonium contaminated soil.

Dhust particles which have been resuspended into the uir and transported dewnednd
mmhuqulnﬂyuuﬂnhhmhndupnﬂduﬂumn&ludmhmmhnﬁm, Bines
ihe air concentration hus been shown tn decrease dramatically when gusts are romoved from
mmm-mhwdmmmwﬁmmm
the GALS] gust equations.

Tha first wtep in detarmining the amount of soil deposited ks to find the depasition
valocity. This ls & very site-dependent parnmeter and s not eany to estimate unless an
mﬂmmhﬂuﬂywn&dﬂﬂﬂuﬂhﬁhﬂtﬁwﬁdrﬂhhmmm
to enlculate the deponition velocity. Lacking this information, a paper published on
hpﬁﬁnnwhdﬁuulmhu&ﬁrdﬂbnﬂuﬂimdwﬂdlmlmﬁﬁmlwumdm
make an srtimate (Sehmel und Hodguon, 1974), Studies done in the sarly 19708 on the land
to the sust of the 804 aren enlenlated particls size (Sehimel, 1978). The average fize ranged
batwoen 1 and 8 um, with s relative median close to the 803 srva around 3 pm. Thisl value
wan usod to determine the depoaition velosity,

Auumlngthnmmﬂth:dnpndﬂmpnhurmnﬂmmhumﬂunlmdm
residentinl aroas, it seems reasonable to sssume that the depodition surfoee would be luwn
up to 5 em in heaght, For a surlnee such s this, In the Sshmel and Hodgson paper, values for
friction velocity (u”) and roughness height (2,) are given us 0,43 mis and 1-3 cm, respectively,
Gﬂpﬁlﬂilﬂ.ﬂﬂhﬂﬂplpﬂthfﬂﬁﬂdﬂﬂﬂﬁﬂﬁhﬂﬁﬂﬁ#dﬂ“lmﬂlﬂ
of the nbove quantition. From one of thess graphs, an estimated depoaition velocity of
1.5 cxn/n was chosen, ‘Thiz value is given in the spreadsheet, as well as the conversion to m/s.
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Toxie soil deposition

The muas of toxic soil deposited is calrulated similarly to the mass inhaled. The air
concentration is multiplied by the deposition velocity to give the soil deposited in units of
gTams per square meter por iecend. This is tonvertad to Curies by multiplying by the
nd}um:i:ﬂrufﬂﬂdlﬂnndmﬂhr‘luﬁngﬂhuﬁﬁtymmmihdmuﬁ. Each air
concentration value was avernged over an hour, so the sctivity deposited is multiphied by
3600 whr. This valus ks then divided by the density of the sail snd by the 1 cm of surface soil
which is of interest for ingestion calculstions, since that will theoretically be the top sail
available for ingestion. This leaves a value reforred to an the hourly total activity in the tap
1 em of sofl in Curies of plutonivm per gram of aoil. If 25 grams of soil are ingesied por day,
I,Ngrmlmtnlnu&pwhmn,mdthhhmuﬁﬂhdhrthmﬁwln}mhﬂ“md
Curies of plutonium ingested per hour. Total soil ingested ean be readily changed n & single
call within the spreadsheet, and the cells which use this value in calculstions will respond
appropriately.

At the bottom of this column, the entire eslumn is summed to give the total intake
gver the manth., This is multipliad by the ingestion dose conversion factor. The aame doss
convormion is not weed fir ingestion and inhalstion because it is recognized that plutoniom
inhaled into the lunge has & different biclogical effect than plutanium ingested into the gut
as i result of the way the body metabalizes plutonium. The sffective dose is sgnin multiplied
by the arbitrary conversion of 101? to moke comparison of the ingestion and inhalation doses
poasible.

LESSONS LEARNED FROM THE DOSIMETRY SPREADSHEET

The output of the 803 area doaimetry aproadahest includes & variety of important
ruults which aid in making decisions about pathways to consider, scenarios to develop, and
further investigations to eondust. The graphs and charts which highlight the resulis in &
wisun] format ean beé found in the stinched copy of presentation handouts (eppearing as
Appendiz B). It i important to remamber that the dosss caleninted in the spreadshect can
b uimed b compare the effocts of a mumber of differant parameters and exposurs pathways
{ag,, inhalation va. ingestion) on the final doses. The doses themselves are not the final dose
results for this project. This spresdshest allows for the poasibility of witovsuing the affects
that various purametsr changes have upon dose.

Effect of age on dose

Several differsnt age clanses, from infant to adult, wore conmdered in the spreadsheet
calmuiation. The fnctor which has the largest eifect oo ago is breathing rate. As o perscn
mhmmmﬂhmmmmwmm
urmhhnkdwnﬁvmﬁnpniuﬂ,udﬂnlﬁuﬁwduioflnﬁwﬁm-ﬂhmmbﬂr
changen sa wall, The effsct that doss hns on the body, ar effective dose, decreases with age
due to the larger body mnss over which the dose is apread. When these twi (sctors ane
mwmmﬂnm,hmtnﬁrdm“hhnﬁiﬂdu.ﬁ
mmmuﬁﬂmtmmmwwhwﬂmmﬂ Tha
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bresthing rate, effective dose, and hazard indices, as well an the arbitrary dose vilues
abtamed mmmmmmmwmmmmmhm L

Tahle 1: Age dependent Breathing Hates, Effective Doses, and fuzard Indices and
estimates of effect an dose from the 003 Area®

Age Breathing | Effective doss | Hasard index (rem | Effective dos
rute (m¥hr) {remMCi} md f hr (rem = 1049
Infant Y 890 0.07 x 890 = 62.3 0.808
1 year old o 40 021 x T40 = 15654 408,
5 your old 0.96 530 0.36 x 520 = 187.2 2,887
10 year obd .64 410 0,84 x 410 = 2624 4003
16 year old 0.74 860 0.74 x 560 = 206.4 4,086
Adult - Sedentary 0.68 810 088x310=2666 o dose cale
Adult - Labarer 112 810 112 x 910 = 5472 5302
Adult - 19 br laborer | 0.99 310 0,89 x 310 = 306.9 4878

sCuleulations wers dons for & recaptor distance of 100 meters in a divection directly to the
enat of the 503 ares

Thass dosss are based upon & receptor distanse of 100 meters from the edge of the
903 nres. Dose was not caloulsted for a sedentary adult bocause it would be similar to that
far & 15 year old. The results suggest that doses to adolesoents and sdults are roughly two
(%) to five (5) timew higher than thoss for younger children and infants when all other factors
are the same. This makes it clear that aduits and sdolescents are the critical groups for
dossa resulting from exposure to plutenium from the 803 srea

Effect of gust sonditions

The GALUS1 code, as mentionad earlier, has the sdvantage of inclusion of gust speeds
within the soures tarm ealeulntion, For the spreadahest we can include (“with gusts”™, o
excluds (without gusis®) thess wind gusts in the calculutions. The fraction of the time (min
per br) that gusts wers obarrved is accounted for in the calculstion. For the remaining time
tmmrmmmmﬂmm.mmmwumumnmmm
tsur. In the spresdahast, 8 value of four (4) minutes per hour was iod for the gust
frequency. Hosults show a two-fold incresss with only & four minute per hour wind gust
fréquency.

Wind rocords recently diseovered for the Rocky Flats area indicate that during »
ﬁmﬂmpﬂﬂ.pﬂlmmudlrmunhmwﬂuuhmﬁmmimﬂ-wm
{=7%). Time fractions aversge mere around 20% and peak around 0% in extremely guoty
conditicins,

Grusts and high wind conditiona do, in fact, appear ts dowminate the dose. Thia is
further confirmed within the 903 report (Mever ot al . 1896] by the correlation between high
wind svents and large relessss recorded by the S8 counter st the 503 ures perimater. The
Hﬁvﬂmﬂmﬁqtﬁn;ﬂuuﬂdhmhhﬂﬁﬂmﬂumﬂlhﬂu
mdhwwd&uwuﬂmlhriHmhmﬂ.
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Effect of receplor distonce from source

Two different receptir distances were used in the straight line Gsussian plume modal
to determine the dose, Concemtrations and doses at o distance of 100 meters and & distance
of 1000 meters were caloulated for comparison. Increasing the distance by o factor of ten
decronses the doss by more than ten-fold. For exnmple, the dosss to the adult laborer are
§.30% and 0.487 for the distanoes of 100 and 1000 maters, respectively, 1t in clear that as
distance from the source increanes, the dose drops off significantly.

Direction from the source and its effecis

Mot of the winds experienced along Colorado’s Front Range tend to come primarily
out of the west. This is confirmed by maost modern day meteomlogical data as well us the
dats dincovered for the time period of inlerest. The logical projection of that fuct into this
study in that tha receptor locations of interest will be located to the east of the 803 area. This
spreadahest used the atmospheric disperuion code to determine the arbitrary doss valuss at a
distanoe af 100 meters for reesptors located Lo the north, south, esst, and west of the 500 ares
using actus] wind conditions measured during the period coversd by the spreadahoat. All
valoes quoted to this point have been determined for receptors ta the east of the plant. The
camparison to other directional values s shown in Tabls 2

Table 3: Effect of direction from the 303 Area on Receptor Dose to an Adult

Laborerd
Direction from the plant | Arbitrary dose (rem x 10451
Narth ETe
South 0LO1EL
Eant 5800
West 00063

"Doses are caleulated for puit conditions at 100 meters from the 903 area

These doses are ance agmin shown for gust conditions with receptor characteristics of
an adult laborer. mmuhmhmmmMmuwm
than all othar doses. Although actual wind conditions as measured during the month of
January 1868 were used to complote these calculations, it is assomed that this basic trend
repres=nits other pericds as well. This month waa somewhat representative of wind
conditions ns seen over the entir time perind Lo be modeled,

The dose to the north of the 903 area source was somowhat higher than the dose to
the south, slthough winds directed o the southeast prevailed during most of the year. This
Is counterintuitive to the result presented hare. [t is important to remember that the
caleulation done in this spresdshest in more lke s unapshot taken each hour st the location
of interest. The dose at each loeation is incroased only when the source termn for a given hour
in mowed in the direction of the receptor during that hour; that is, when wind directivn
during the hour modeled is in & direction such that the receptor will receive dose. Dese is not
changed relative to potential movemest of the radionuclids contamination aa wind direction
changes. Pluma movemant is nat accounted for hare as it will be in the final modeling
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calculations done to determine dose. If 8 number of high wind events during this particalar
manth eecurred in northern directions, it seoms reasonable that the higher “snapshot” type
h—dﬂnﬂmmmh&hhﬁmhmhmrﬂimmthimh. Tha Teal
walue of this caleulation lies in the fact that the dess to the aoat (s betwpen twio knd thres
ordors of magnituds higher than the dose in any other direction, with dosss to ths west
remaining minimal, This observation contributas to other ovidence that doses to the st of
the 803 ares are higher than thooe in other dirsctions.

Inhalution pathways va. ingestion pethways

Ewvidence suggesta that inhalation dose will strongly dominate the total dose to an
individual from releases from the BFFP, and this spresdubest tool was ussd (o sloulate (o
what degres that would be the cane.

Diopas wars caleulated for an sotve adult from both the ingestion and the nhalstion
of plutonium-conteminated materinls from the BFP, and those doses were compared. A
depouition velacity for grass, o § em high, was used to maximize the dose. This yiekds a
obnservative estimate for deposition velocity with particles baing scavenged out of the air and
to the ground more rapidly than they would be to & bare nurface. Another souroe of
eonparvatiom in this calmalation ta the extimate of tota] soil ingosted. A valus of 25 groma per
day was avernged over 24 hours, resulting in approximately 1.0 g soil ingosted per hour for
an entire month. This is likely a buge overestimata of total woil ingestion aod would yield a
much higher value for doas than would normally be expocted. The arbitrary dose valus for
ingeation at 100 meters with gust conditions for an adult is 2 062109, more than six orders of
magnituds smaller thas the inhaled doss sitimote of 6,302 This strongly suggests that the
ingestion of plutonium will contributa very little to the total dose from airhorne plutonium-
contaminstsd msterial. Bacauss the inhalstion of plutonium dominstes thy total dose, this
provides strong evidenee for not including diet as & perameter in the exposurs scenarion.
With doss dominated by the inhalation pathway, it is important to focus our resources on
that pathwsy and to minimize our efforts for the ingestion pathway.
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APPENDIX A

The directional air disperwion calculation is semewhat complicnted by the use of a
straight line Gueussian plume model. This miclel ises & convention for the coordinnle ausn
wmmmmmm:mhuhmmmmuum. Since
quita often the wind blows in directions sthar than those for which doss was to be
determined, it was necessary to determine the sppropriste x and ¥ lengths for a distance 100
mwters from the souree directly Lo the east, weul, north, ar south.

1n order to avoid determining the £ and y lengthe for evory postible angle botween 1
and 360 dogrees, the direction vectors ware separated into sixtesn sectors, each spunning an
angle of 22.5 degrees, Then the x and y lengtha for wind directions which corresponded to
the central uiis of ench of the sectors was determined. Any wind direction falling within that
sector wan sssigned the x and ¥ values for the central sxis of that sector to detarnine the air
concentration st the downwind location in the direction of intareat,

In addition to separating the wind directions into sectors, other dats for the time
period of interest was used to separnte the dats and crests s joint probability distribution.
The stahitity classes wore separsted into the six Pasquill-Gifford clessifications, and the
wvernge winid spood for each time period was separated into groupings an well Then all of
the data for the month being modeled was divided into a joint frequancy disteibution. The
frequency with which the charncleriatics defining the conditions of sach hour is seen within
the month of interest is multiplied by the valus obtained for air concentration to detarminsg
the svernge air concontration over the time pericd of interest, as shown by the following
equations.

*-mhdmmmmHEMEmmﬂmjmﬂﬂhﬂiﬂdmh
divided by the total number of hoars of data avsilabls

Coy =005, )0

fa.

*ihuc.--lhawmhiﬁmﬁfﬂuﬂiudnm

Tha result of these calculntions in the mir concentration and subsequently the dose in
sach of four directions from the 903 area; North (380), South (180), East (60), and West (270).
Unfertunstely, wind dirsctions in standan] metsorological dats is given by the direction from
which the wind originates, so if the wind is blowing directly to the cast. the wind direction
will be defined as the angle 270. This convention in metearolegy requires “flipping” the
elunsical undermtanding of coordinate axes in the oppogita direction to determine the correct
dossa for the correct directions,

A Fgure which further explaini the method used to delormine dose in different
directions from the 503 Aren is shown on the following page.
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Technical Memorandum

Examination of Mass Balance Accounting
asaMeansfor Estimating Plutonium Releases

Paul Voillequé
MJP Risk Assessment, Inc.
|daho Falls, Idaho

May 1995

I ntroduction

Citizens interested in rel ease estimates from the Rocky Flats facility have suggested that
amass balance approach should be used to estimate past releases. The ideaisto compare the
guantity of plutonium (Pu) brought onsite with the quantity of Pu leaving the site as a means
of estimating past environmental releases of Pu from the facility.

The idea of using plutonium accountability data to assess the magnitudes of Rocky Flats
rel eases was seriously considered at the start of Phase 1. We had previously investigated
accountability data at the Fernald facility in Ohio, which processed depleted, natural, and
dlightly enriched uranium (U). We found that there were large uncertaintiesin those data and
that large quantities of uranium had been written off as unmeasured losses. However, it was
thought that plutonium accountability data would prove to be more reliable because of the
much higher value of the plutonium. Citizens have expressed this sameidea: because
plutonium was more valuable than gold, you would expect that those responsible would
know where every last bit was.

The following sections describe the results of our investigation into Pu accounting at
Rocky Flats, first for the major fires and then for routine operations. A summary of the
results of the evaluation then follows.

Accountability Data for 1957 and 1969 Fires

One of our first goals while searching through the classified records at Rocky Flats was
to identify information on plutonium accountability for the September 1957 fire in Room
180 of Building 71 and the May 1969 fire in Buildings 776 and 777. The search was
successful. Records of the Pu loss for the 1957 fire were found in monthly accountability
reports between the time the fire and completion of the final cleanup of Room 180 several
years later. An accounting of the pre- and post-fire inventories of Pu in Buildings 776 and
777 was adso found in the classified records.



We requested the declassification of notes taken while reviewing the 1957 fire data and
of documents containing accountability data for both events. Information regarding the
plutonium accounting for the two fires was declassified and released by Secretary O’ Leary
in June 1994, together with information on plant inventory differences at Rocky Flats and
elsewhere.

For the 1957 fire, overall accountability from before the fire to the completion of
cleanup showed a decrease in book inventory of 6 kg of plutonium. Following the 1969 fire,
more (104 kg) Pu was recovered that had been in the inventory prior to the fire. These results
illustrate that there are difficulties associated with the use of accountability datato estimate
releases. Just as the latter finding does not mean that there were no releases to the
environment during the 1969 fire, the reported inventory difference for the 1957 fire does
not imply that the 6 kg of Pu was released to the environment.

Example of Accountability Data for Routine Operations

To further evaluate the utility of the mass balance approach, routine operation of a Pu
processing facility was considered. The following example estimates plutonium mass
balance data for such afacility.

The quantities received and shipped, the numbers of shipments, and the building
inventory used in the discussion are not datafrom Rocky Flats but are speculative estimates
of possible levels of activity for this discussion. Declassified information released by
Secretary O’ Leary (June 1994) show that the Savannah River Site produced about 1500 kg
of Pu per year during the early 1960s. If Rocky Flats received that Pu and a comparable
amount from a combination of weapon returns and Hanford production, then the annual
receipts would be 3000 kg. This corresponds to an average of 250 kg per month, the rate
used in this example.

Other quantities needed for the analysis are explicitly based upon published information
for Rocky Flats. The estimated releases from the facility used in this example reflect the
highest Building 71 releases that were measured during the 1960s. The rel ease estimates and
the uncertainties associated with those measurements are still being reviewed as part of
Phase I1, but are considered adequate for this example.

For the example, the amounts of Pu in waste shipped to the Burial Ground at the
National Reactor Testing Station (names used at the time) in Idaho and the numbers of
barrels of waste generated per month are representative of estimates reported at that time.
The estimated size of the inventory difference (ID) is also consistent with data from Rocky
Flats operations. Annual inventory differences of 100 kg were common during the early
1960s and comparable quantities were used in the example.

Details concerning assumptions and estimated quantities and the corresponding
uncertainties in the main elements of the mass balance for the facility for an average month
of operation are listed below.

Input: monthly receipts of 250 kg Pu in 10 shipments of metal or other form having an
average Pu mass of 2500 g; the amount of Pu in each of these shipments could be
weighed to within 0.1 gram.



Outputs: monthly shipments of 220 kg Pu in 11 packages having an average mass of 2000 g
Pu; the mass of Pu in each of these shipments could be weighed to within 0.1 gram.

Measured losses consist of routine releases to the atmosphere and to Walnut Creek and
shipments of solid wastes to Idaho.

(a) measured release from the stack: atotal of 600 puCi of 239240py in amonth. An
estimated uncertainty range of 300—-1200 uCi is assumed because of use of asingle
sampling point in the large exhaust duct. (Effluent monitoring data and the
uncertainties associated with those measurements are still being reviewed as part
of Phase I1).

(b) measured releasesin liquid discharges to Walnut Creek: amonthly total of 500 pCi
of 239/240py, An estimated uncertainty range of 250-1000 PCi was chosen to
reflect use of gross apha counting and no information on the mixture of U and Pu
in the liquids discharged in the liquid waste stream, which also contained liquid
from U processing in other buildings. (Effluent monitoring data and the
uncertainties associated with those measurements are still being reviewed as part
of Phase I1).

(c) estimate of amount of Pu in solid wastes shipped to Idaho: amonthly total of 2.5 kg
in 300 barrels. The amount is more likely to be underestimated than overestimated
because of difficultiesin sampling discarded components and mixtures of solid
materials. A preliminary uncertainty range of 1-9 kg is employed in the example.
Current estimates of the Pu in buried waste in Idaho are about three times greater
than original estimates.

Building Inventory: at the end of the month an inventory of the facility identifies 18 kg of
Pu in components being fabricated and in identifiable scrap material. Although
particular pieces can be weighed with the same precision identified above (0.1 g),
incomplete identification of scrap finesin process equipment leads to an estimated
uncertainty in the inventory quantity of 0.1%.

The following table summarizes the estimated quantities with uncertainty estimates
based upon the assumptions given above. The uncertaintiesin the receipts (R) and shipments
(S) reflect the total uncertainty for the month; that is, the combined uncertainties for the
individual shipments. The example releasesto air (A) and water (W) have been converted to
mass, as shown. Preliminary estimates of uncertainties in these quantities were discussed
above; they will be refined later following further investigation. Estimates of uncertaintiesin
the amount of Pu in shipments of solid wastes (SW) and in the monthly building inventory
(BI) also correspond to the foregoing discussion.

Each of these elements of the mass balance is used in the calculation of inventory
difference (ID) for the period. The equation used is

ID=R-S—(A +W + SW) —BI

The uncertainty range for the inventory difference reflects the uncertainty rangesfor all the
guantities used in the calculation.



Example Mass Balance for Plutonium Processing Facility

Measured Uncertainty in
Mass balance element mass (kg) mass (kg)
Pu received by facility (R) 250 +32x104
Pu sent from facility (S) 220 +33x104
Puin releasesto air (A)@ 83x 106 0.42-1.7 x 10~°
Pu in releases to water (W)@ 6.9x 10 0.35-1.0x 107°
Pu in solid wastes (SW) 25 1-9
Building Pu inventory (BI) 18 +0.018
Estimated (kg)
Inventory difference (ID)0 9.5 3-11

aEstimates (UCi) were converted using a specific activity of 0.072 uCi/ug.
b Computed using the equation: 1D =R —S— (A +W + SW) —BI.

Some features of the tabulated estimates in the table deserve particular attention. First,
the elements in the mass balance evaluation are not of commensurate magnitudes. The
monthly receipts, shipments, and building inventory elements are much larger than the solid
waste component and the latter is very much larger than the highest measured monthly
releases of plutonium to air and water. The largest uncertainties in Pu mass are in those for
the solid waste disposal and building inventory categories.

Thefirst feature is notable because of a previous review of the utility of the material
balance approach. In an independent review for the Environmental Protection Agency, as
part of the Superfund Amendments and Reauthorization Act of 1986, the National Academy
of Sciences (NAS) concluded that when there are major disparitiesin quantities processed
and released, the engineering mass balance approach has no potential value in determining
releases by difference (Tracking Toxic Substances at Industrial Facilities, National Academy
Press, 1990). The resultsin the tableillustrate numerically the NAS conclusion for the semi-
hypothetical Rocky Flats facility.

Because the quantities received and shipped could be determined with great precision,
the uncertaintiesin R and S are small, about one part in one million in the example. Even so,
these uncertainties alone are 20-80 times larger than estimated amounts of Pu released to air
and water. The range of the ratio was computed using the alternative release estimates listed
in the column showing the uncertainty ranges of A and W. The comparison reflects
uncertainty bounds on the highest monthly release estimates previously recorded. As noted,
the measured effluent releases and their uncertainties are subjects that we are still reviewing
and the computed ratios may be revised. Overall uncertaintiesin the input and output
guantities depend on the numbers of incoming and outgoing shipments. Assuming different
numbers of packages would affect the uncertaintiesin R and S somewhat, but they would
remain substantially greater than the tabulated ranges of releasesto air and water based on
plant measurement data.



The estimated uncertainty in the month-end building inventory of Pu islessthan 0.01%
of the Pu processing rate assumed for this example. However, that uncertainty of ~0.02 kg
also greatly exceeds the highest recorded monthly discharges in gaseous and liquid wastes.

Uncertainties in the amount of Pu in solid waste shipped offsite for burial are even larger
and dominate the overall uncertainty of the inventory difference. These uncertainty estimates
reflect the fact that for many years there was no reliable way to measure the amount of
plutonium in waste shipments. Gammaray surveys of the barrel exterior could detect the

presence of elevated amounts of the contaminant 241Am, but interpretation of the
measurement depended upon knowledge of the waste matrix. Smears surveys could measure
levels of contamination on discarded equipment and other wastes, but were unable to detect
material trapped in crevices. Even with contemporary equipment, measurements of Pu in
solid wastes are difficult and uncertain.

Summary

Although it wasinitially expected that a mass balance approach would be useful in the
evaluation of releases from a plutonium facility, this review showsthat it is not feasible to
make quantitative estimates in this way. For routine operations, this conclusionisin
agreement with a previous NAS report that assessed the same question for chemical
processing facilities.

For early plutonium operations at Rocky Flats, (a) large uncertainties in solid waste
measurements and (b) uncertainties in inventory estimates due to material held up in
processing lines are both estimated to be much greater than measured effluent rel eases.
Although the difference is smaller, uncertainties associated with measured receipts and
shipments also appear to be substantially greater than the highest reported plant rel eases.
Review of the effluent release data is continuing and the relative magnitudes of the
guantities assumed in this evaluation may change.






From HAP transcripts May 25, 1995 (afternoon)
Di scussi on of mass bal ance during P. Voillequé' s
1957 fire presentation.
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Vell, let's see.

kay. | guess this is a slide that sone
of you have seen before that has to do with--with using a
mass bal ance approach. Before the fire, we have pl utoni um
in the room and--and masses of plutoniumthat were on
the--had been collected on the filters.

After the fire, plutoniumwas recovered.
There was solid and liquid waste fromthe cleanup. There
was residual plutoniumcontamnation on the walls of the
room Particular--this is particularly true of Room 180
which was ultimately decontam nated with paint. And that
is to say, the contam nation was covered up by nultiple
| ayers of paint. And then there was airborne effluents.

There was a tine when | thought, and a
time actually when |I showed these slides, that it would be
possi ble to do some sort of material bal ance cal cul ation
using information fromthe plant. This is just another
way of saying the sane thing. Initially, we had this
amount; finally, we had these quantities. You can solve
that equation to get the anmount released to the
at nosphere. That's the initial anpbunt minus these--the
recovery and the residual contam nation with the waste.

But what you find out when you di g deeper
into this, is that you can't do this cal cul ati on because
this anpbunt of waste is not known and that the solid
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wast es that were shipped fromthe plant--the plutonium
and solid waste shipped to the plant in Idaho was not
neasured. And so this approach falls apart.

| have--because it's of interest in this
regard, | have put together some of the information on
material | accounted for as a function of tine. This is
again fromthe Zodtner and Rogers investigation of the
mat eri al unaccounted for that occurred in 1964.

And at the end of fiscal 1963, there was
a lot of material unaccounted for. And you can inmagine
that that might be enough to cause an investigation
664 kilograms is a |lot of plutonium

1953, relatively little materia
unaccounted for; '54, growi ng; growing, '56. These are
cunmul ati ve--excuse ne. These aren't annual anounts.
These are cumul ative. At the end of '53, at the end of
' 54,

At the end of Septenber--these data are

given quarterly, so | was able to get a nunmber for the end

of Septenber which was about 69 kil ograns. But then you
can see at the end of all of '57, is about 82. And then
we skip to 1960 and to the end of fiscal '63.

After 1957--there were roughly
35 kil ogranms of material unaccounted for in '57 which
do not include material involved in the fire because
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this accounting wasn't conpleted until the end of 1961.
But in the years '58--starting with '58 through '60 and
on to '63, typically, a hundred--in round nunbers, a
hundred kil ograns of plutoniuma year was in the category
of material unaccounted for.

Now, so that--the fire investigation.

DR SCHONBECK: Paul .

MR, VO LLEQUE: Yes. Sorry.

DR SCHONBECK: Are these nunbers site
life or are they building specific?

MR, VO LLEQUE: This is--this is plutonium
material unaccounted for. And so until this time, it
refers primarily to Building 71 because 76 and 77 just
were just beginning to operate in '57. But many of
the--then many of the |osses--well, then following this
time when we started to see a hundred kil ograns a year,
it's a conbination of 71 and also of 76 and 77.

MR, ALBRIGHT: And prior to this 1957, it
woul d be in Building 71. And how nuch of that would be
in--in Room 1807 180, is that representation a snall
fraction of the entire operation?

MR VO LLEQUE: Yeah.

DR. SCHONBECK: Okay. So this represents
the site w de.

MR VO LLEQUE: This is all of--this is
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all of Building 71 essentially up to this point. And you
have to renenmber that this devel opnent work, that picture
| showed you when--when those gl ovebox lines in Room 180
were shiny and new was taken in the spring of 1957. So
this is a relatively new piece of an ongoi ng operati on.

DR. SCHONBECK: And then to follow that
up, did you run across any kind of commentary in the
documents to indicate concern about this kind of |oss?

MR, VO LLEQUE: Well, as | said sonewhat
facetiously, it's not surprising that an investigation was
initiated when it got to be 600 kil ograns.

And- - but | don't know whet her what--|
nean, | can't explain--well, a couple of things.

One, | haven't seen significant--well, or
any indication of previous investigations of materi al
unaccounted for. It--it was routinely reported in
t hose--those lovely reports that | showed you sone nunbers
fromearlier, those October and Novenber reports.

Also in those reports were--materia
bal ancing information is given, and it would oscillate
back and forth. One nonth, you may have | ost some
material; the next nonth, you know, sonme materia
appeared, and so on.

But it was--1 don't recall seeing earlier
than this any detailed investigation. | nmean, in the
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nonthly reports, there would be statements about, well, we
believe this is due to X, Y, and Z. And maybe the next
nonth, it would be that they found out that X, Y, and Z
was, in fact, the case and they referred to that and said,
well, we think it's sonething el se

But - - but sort of a conprehensive
i nvestigation put together in one place, | don't think
t hey had that.

Yeah. Dave.

MR, ALBRIGHT: | think it's inportant
to add that the throughputs of the plant were increasing
dramatically during this period from-the throughputs are
still classified but--from headquarters.

CHAI RMAN QUI LLIN:  David, can you use your
m cr ophone, pl ease.

MR, ALBRIGHT: All right.

It's--it's inmportant to renenber on these
nunbers that the throughputs in the plant were going up
dramatically. And so the--the headquarters has said that
they'l| probably--they'll probably rel ease the throughputs
in the building, but they have to go through the fornal
process. But from-from'53 to '63, it's--it's a huge
i ncrease in throughput.

And--and so you--and also, | think
just--this is nore speculation. By '63, the--we were
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maki ng so nmany nucl ear weapons that | inagine they were
| ooki ng for plutoniumeverywhere. And--and--and they
probably started seeing that there were huge anmounts
ending up in--in recoverable--potentially recoverable
material s.

MR, VO LLEQUE: Yeah. That brings up
anot her point.

Prior to this tine, there was no--a | ot of
you probably heard about the econom c discard limt. And
that's--that's--that refers to an evaluation of how nuch
it would cost to process and recover the plutoniumin--in
sone material versus the value of plutoniumat the tine.
That discard limt did not exist in the early years.

So there--the sort of routine analysis
of --of should we reprocess this material or is it okay to
throw it away wasn't going on.

And--and | guess the--in terms of--in
terms of the--the waste or the potentially waste materia
reprocessing capabilities, I--as | recall, there's in
19--in the early years, say maybe up to '57, there--the
t hroughput for the recovery process was potentially
sonething like 25 kilograns a nonth. But by 1962, it was
600 kilograms a nonth. And that's another indication of
the kind of scale-up that--that Dave was tal king about.

And | ater on, when we tal k about the
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ventilation systemsone, you'll see. |In fact, you may
have already seen the growh in the flow rate through the
ventilation system And this grew because initially it
was only a day-shift operation. Subsequently, some of the
operations went to two shifts. Utimtely, alot of it--a
| ot of operations were--were 24 hours a day. And that
reflects this scale-up in--in production capacity that
David was referring to.

The investigation of material unaccounted
for that took place in 1964 identified that there were a
nunber of ways that plutoniumhad not been accounted for
that contributed to this--this materi al

One thing that you need to understand is
that material unaccounted for doesn't necessarily nean
that it--it was all waste or that it was all--that it was
all discharged through the environment or anything |ike
t hat .

One of the nmost surprising things to
me reading this report, a deleted version of which is
avai l able, is that radi oactive decay was a nontrivia
contributor to the material unaccounted for. They hadn't
taken account of radioactive decay. And when you're
dealing with large quantities of plutonium that can
be--that can be an inportant factor.

It wasn't as inportant, however, as not
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accounting for plutoniumsent off in solid waste. This
anal ysis that they did, some of which is--is based on
detai l ed measurements of concentrations in waste such as
casting residues in bow s where the graphite was shipped
off site as waste, they--they nade a bunch of neasurenents
of those--of concentrations of that material to come up
with their estimte.

But overall, they attributed about
two-thirds of the--of that 660 kilograns to materials that
had been disposed of in waste. And the biggest categories
were the--the graphite nolds and the--and filters from
various parts of the building that had been sent off site
wi t hout taking credit on the books for how nuch pl utoni um
was contained in those materials. And so this nateria
di sappeared fromthe inventory because it's in wastes that
wer e shi pped away that were--wherever the quantity of
pl ut oni um was never quantified, was never neasured, and it
was not accounted for

I mentioned radi oactive decay. Oxide
| osses on returns. Sone of the plutoniumon--on returned
bonb parts had oxidized. And this oxide was w ped off
when this material cane back. And overall, as | recal
t he nunbers, they estinmated that sone 40 kilograns in
that--that wi ped-off material was--was |lost fromthe
system And they estinated that that accounted for about
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40 kil ograns.
They al so identified holdup in the
bui | di ngs whi ch becane really obvious after the 1969 fire

as being a significant contributor to material unaccounted

for.

MR, FOUNTOS: Excuse me, Paul

MR. VO LLEQUE: Yes.

MR, FOUNTOS: Could you clarify what is
meant by holdup in the buildings. |Is it just materia

that fell on the floor or something?
MR, VO LLEQUE: Well, not on the floor
in the gl oveboxes.
Wel |, you've got--you've got to envision
i nsi de these gl oveboxes, hydraulic presses and | athes
that are used to shape netal pieces and stuff |ike that.
So there are turnings and things that fall down in the
cracks. And even when they cleaned the gl oveboxes out for
the inventories, they didn't find all those bits and
pi eces. So that's one source of holdup in the buil dings.
Anot her source of holdup in the buildings
that's--that's been of particular concern for Building 707
is--is deposition of material in the exhaust ductwork
There are some ducts that are conparable to those booster
exhaust pipes that | showed you in the previous slide
that have been found to be filled with m xtures of--of

M DYETT REPORTI NG SERVI CE
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pl ut oni um contam nated material that's gotten off as a
result of processing in the gl ovebox that they served.
And so there's a lot of naterial in the pipes. And in
recent years, they have actually done standing
neasurenents to determ ne the amount of materia
that's--that's in the pipes. That's another exanple
of hol dup.

MR, FOUNTCS: Thank you.

MR. VO LLEQUE: Yes. Bill.

DR. KEMPER: | suppose all the nateria
that's in the pipelines--

MR VO LLEQUE: Well, | think it's--

DR. KEMPER. By that, | mean in process at
the tine that they were taking the neasurenents.

MR, VO LLEQUE: The material that's
flowi ng inside the systemin the glovebox, that's
accounted for except for the little bits and pieces that
are caught in the cracks and so on. That's the kind of
hol dup they're tal king about, the not readily identifiable
or neasurable in pieces or the bits and pieces that are in
t he cracks.

Yes.

DR. SCHONBECK: Did they give any
estimates fromthe radi oactive decay | osses? | nean,

I've made cal culations for 239, and it's mnuscul e,
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MR VO LLEQUE:
DR. SCHONBECK:
a smal |l percent.

MR, VO LLEQUE:

VWl l, that's true, but--

So 241, | nean, it's

It's piqued nmy interest.

As | said, I"'mvery surprised to see this.

And it has to be--1've done sone

calculations, and it has to be due to the 241 even though

the 241 is less than half a percent of the total anopunt.

It's if you got a large mass of plutonium half a percent

of alarge mass is itself pretty |arge.

with the 14-year half life.

DR.  SCHONBECK:

If it doesn't decay to nothing,

But let me followthat up.

t he mass

loss is so small. Are we tal king about that after

purification as a--

MR, VO LLEQUE:

It decays to americium

whi ch- -
DR. SCHONBECK: Yeah.
MR, VO LLEQUE: --which di sappears.
DR. SCHONBECK: It doesn't di sappear.
MR, VO LLEQUE: Well, no, it doesn't
di sappear. It disappears fromthe plutonium accounting
system

The mass doesn't change, but they don't

keep track of Anericium 241.

M DYETT REPORTI NG SERVI CE
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DR. SCHONBECK: You're presum ng now that
that accounting comes in after they've purified the
anericiumaway fromthe plutonium

MR, VO LLEQUE: Right.

DR. SCHONBECK: Because ot herw se, you
woul d just put it on a bal ance.

MR. VO LLEQUE: No. No. Those
| osses--those decay | osses are not--are not based on--on
nmeasur ement s, okay?

W nake a bonb. We send it--well, we make
several hundred bonbs. W send them off to the stockpile,
okay? And they come back--the average tine they estinmated
was three years. They cone back three years |ater and
they've got less plutoniumin themthan they had when we
sent them of f.

DR. SCHONBECK: Now, how do they establish
that they had | ess?

MR VO LLEQUE: Well, it's--the | aws of
nature establish that they have | ess.

DR SCHONBECK: Well, | know. But what is
t he nmeasurenent ?

MR, VO LLEQUE: There is no neasurenent.

DR. SCHONBECK: On, it's just presumed.

MR VO LLEQUE: Well, it's not a
presunption. W know that Plutonium 241 decays.

M DYETT REPORTI NG SERVI CE
(303) 424-2217



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

DR. SCHONBECK: Well, here is ny
confusion. W're tal king about neasured | osses, right?
In terms of unaccounted for--

MR, VO LLEQUE: We're tal king about
contributions to material unaccounted for--

DR SCHONBECK: Now, but how that--

MR. VO LLEQUE: --that has not previously
been taken into account. One of these is radioactive
decay.

You send this naterial away and it
stays away for a certain period of time. It comes
back. W receive it as the same anobunt as we sent.

MS. GROGAN: But it's not the sane anount.

MR, VO LLEQUE: But it's not the sane
amount. And that amount is the contribution from
radi oactive decay that occurred while it was gone.

DR SCHONBECK: | understand the
calculation. But at sone point, there is a neasurenent
years later. And is this what--is this what they're
trying to account for? And it comes after the
purification?

MR, VO LLEQUE: Yeah. Well, the
nmeasur enent s--the unaccounted-for totals are totals
of plutonium

DR. SCHONBECK: Right.
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Danr D, Morin:

As we discussed on the phone last wesk, the presentation relating to the eollection
efficicncy of ambient alr samplers will be incorporated into the September Health
Advisory Panel mesting, ralhers than the upeeming meeting this menth, However, with this
meme, [ would like to summarize the approach we are tnking to svaluating the sollection
efficiency of the ambient nir samplers historically used sronnd Rocky Flata, If any member of
the puhlic or the panel wonld liks to contact me with suggestions or additional information, 1
would be happy to spenk with them,

Tha historical air menitering record is ons of the most important of the environmaental
monitoring data sets available to us en this project, because it mest closaly reflects the
pathway of primary exposurs of the public to past relemses, that s, airbome transpors of
releasad materinls. However, the sir monitaring record has limitations, sspecially whan usad
for source term verification/medel validation, These limitations con be grouped into those
related to lick of data and those related to interpretation of the data we do have.

Ezamples of Limitations of Historical Air Monitoring Record for Source Term
Yerifieation/Model Validution
Limitations Relating to Lack of Data Limitations Helating to Quality or

I | tion of Kxi Data

| No Pu-specific analywes routinely performed uuﬂh&h relationship botwesn grons

befors 1970

 Pu ingtople ratias (339:-240) not routinely Difiewlt to dintinguish BF Pu from fallout
mensured Pu (not likely posnible mors than a faw km
mwiy)

Short-term releases may have missed the Must determing collestion efficency of air
samplirs; no routine eollsction of different nryﬁﬂlﬁurﬂizdm*.urﬁ:hm

o [
No routine monitoring at various heights Must use weather records and models to
| above ground caloulate total emount releaned: reguires
asgumption of vertieal profils of
| contaminafion

[ Mo monitoring for ergunic solvents
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Rvan with the abvious [imitations, the air monitaring record must be evaluated carefully
for the doss reconstrastion work to be momplete. We have devoted much effort to eatablishing
& basis for interpreting the envirgnmental dats which are available The oollection sfficency
of the air samplers in an exsmple of one of thess data interpretakion 1=sues, Guite jurtifishly,
this fssae has been raised & number of times hy members of the public whe are invelved with
this project.

Simply spenking, the collection efficiency of an sir sampler is & messurs of how
accurntely the sampler captures the true mirborns coneentration of the contaminant of
interast. For moample, if the trus sirborne concentration is 100 units, snd the sir monitoring
procedure produces an estimate of 80 unita, then the cullection efficiency would be 80%.
(Analytical bids is not considered here).

Thae collection dfficinncy of an nir sumpler can be viewed up having two componants:

1. The inlet collection efMiciancy of the sampling device (haw accurately the device
draws the ambient serosol inta tha filter);

2 The filter collection efficiency (the amount of the material drawn into the filter that
is retained by the filter, i.e., does not. pass through i,

Properties of tha air sampler which affect collection efficlancy includs:

» Inlst face velocity of the incoming sir (related to flow rate)
» Placement hieight nnd orientation
s Pilter charnstaristics

Proparties of the enviranmaent, sueh ns wind speed and orlentation with respect to the
WMMJmMHM.mmhmIWMﬂM
contaminant serosol being eollscted is ancther kay property of the environment affecting
collection efficiency. It is useful—in ondusting & genersl discussion of this issue—to think in
terms of conree and fine serosols. Srall particles making up fine aeroscls tend to behave ke
molecilen and fallow the wir stream into the sampler; the large particles in esarss serosols
have sufficient inertia that they tend to mave in straight lines, not following curved air
memmwmmmmmm asmpler are
mmamuuﬂwwmm-mmm:mmmm
effecta are mich roduced.

Collaction of sonrss asroscls ls semetimes sccomplished by various deponition collectars
m:hnnhkrp#nnn&dmhprﬂnwﬁﬁmih&mmdtﬂluﬂnhmpﬂuﬂn
eanducted ut Rocky Flats; we arv also examining thass data. Air samplers are used to collsct
hwm;anmmw“Lmumﬂmmﬂdummf
inlst esliestion efficlency and reproducibility (Vincent 1888).

It is widely observed that true isskinetle sampling of air under fisld conditions is
hmmﬁhﬂumwﬁﬂwh&dﬁmmmrhﬂmdﬂhhhnﬁﬂﬂ
summarise some important sommon foatures of studies of zir sampler performance:
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= _.all the pahlished tests ahow some common features; the sumpling
efficiency declines with particls size and also with ambient wind npond, ...
Orientation may be importunt for non-symmetrical inlets. The dependence of
efficiency with 1o many parameters makes it improbable that any correction
ean be succeanfully applied Lo filter ssmplers oparating in field conditionn.
Faw of the filtar samplers investigatad have had a satisfactory sampling
wificigncy for particles larger than 30 jm, and it s unlikely that any can
sample particles larger than 100 jpm.”

Heveral wind-tunnsl and field-intercomparisen experimants on the Kocky Flats-designed
Survaillance Air Sampler usad in the 1970s have svaluatad the spectrum of particle wirzes
collagted. Site-specific documantation on samplers used prior to that time has not been
located, Thersfore, for interpretation of earlier air monitoring data, we must rely on studies
of gimilar samplers and an assessment of basic physical principles. A larger degree of
uncertainty will ba applied to data from those sarlier time periods.

Information is alss being collacted on the samplers used by the Fealth and Safety
Laboratery and the Publie Health Service, s these monitoring networks previde an
impartant historical trend for fallout plutonium. These data were discussed at the February
1866 HAP mesting.

mmmmwﬂuxhnmmmmma“m&wmw
mmhﬂr&lﬁwuhmahrptmwﬁmfmdeh.ﬂmmhm
Mmmhmmmlmﬂﬂhummﬁnﬁmﬁﬂlﬁni
suspendod Pu at different distances and heights above the ground (ses attuched list)
Bucause of the changing nature of the releases from the 903 aroa, as well as the routine
reloases fram the stacks, the particle sive distributions of released Pu (and henco the air
sampler ecllection efficiencies] are time-dependent.

W were faced with a similar probilem in interprotation of historical sir sampling data
mmrmmmwmmmqﬂm.mmur
nrﬂuhﬁmummmwhﬂiurhdwﬁmn.hmd‘hmwumﬂﬂm
hlm.ﬂumﬁmttbumnlmwmwihfhn[wﬁhin 05 km) to the relesss points, s
that conrse particios weere utill present in the air. Our spproach was to produce a description
id:nm&ummnhh:hﬁnﬂhmumnlﬁuthnﬂuehmmdu.hudmﬂu
reconatrusted scures tetm and the deposition groperties of varicus particle sizes. Then we
devaloped a eollection efficiency, with assecinted uncertuinty, for each air sampler and year,
based on the physies of asrasal eollection for the type ef sampler used. Wa will attampt to do
a similar analysis for the Rocky Flats sir monitoring record. 1 am working closely with Paul
Fnﬂkqﬂ:ﬂﬂnhHuwinmmuthpmH:dumim
sauress. Georps Killough and Art Rood will be involved in the particls dopesition assessment.

The colloction sfficiency s an important consideration in dose reconstruction when the
air monitoring data are used for verifieation of the source term/model validation. However, it
mnuuhmpmmm;mwﬂhm“whhhhhnﬂmmfuhhmﬂdm
ausessment should have besn efficiently eollectad by the samplers. In fact, the total mass
concontration of radioactive particles iz a rather poor indication of the inhalation hazard of
an serosol. Thaere is now the widespread view that, if just one aerosel fraction is Lo be
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collected relovant to haalth for a wids range of typens of asrosal in the ambisnt stmosphars,
then that fraction should be relevant to the deposition of particies in the lung (Vincent 1989),
Inhalability and depoudtion of particles in the lungs is a function of particle size, and modern-
day samplers are often designed to cut off the largest particle sizes and cellect only the
respirnble fractions, sbmetimen subdivided inte esrtsin size categories Depanding on. the
particle mzes of the source term, the total mass concentration and the respirable mass
toneentration may be guite different.

In mare recent yeard, there has been routine monitoring of specific particls sizes by the
RFP contractor (EG&G) and the Colerads Department of Public Health and Envirenment, in
ndditinn o the special studies addressing these issues (ses Attachment). Hesults from theas
rolativaly recent studies may be applicable to some earlier tima periods, ' the relsase
mechanisms ars similar. Howewer, concentrations in recent years have been barely
datectable in many casen.

Thirre are & number of literature sources, some specific W Hocky Flath and soma mot,
which can be asd to assess the collsstion sfMcency end uncertainty of the aemplers, whan
faotd with & certain ambisnt ssrosol. Thers are over 80 decumernts currently in our ROCKY
decumant database (used for Task 4, "Evaluntion of Historical Environmental Data®) which
molate to particle sizs andfor eollection efficency of air sampling equipment. In eddition,
thern are 34 doeumants in the ChemBRick dosument sot from Phase [ which relats o particls
aige in arr or seil. A lst of both these séts of docomants is attached to this mamo. It would be
wery helpful if the Panel or public woold Jet ms know of any other relevant souress of
information. We are confident that this issue will be thorooghly researched and documented,
and that the uncertmintiss in collection sfficiency will be sppropriately sceounted for in
interpretation of the historical air monitoring record.

Agnin, 1 look forwerd to recelving any foodback om our spprosch to the sollection
efficiency issue. [ plan to attend the September HAP menting, and would be happy to discuss
this in more detail then, il there s time on the agenda.

Sincertly,
- ¥ ’/\D%

Susan K. Hopeo
Conmlant to Radislogical Asssssmants Corporation
Fhase II, Rocky Flats Dope Reconstruction Study

encl.; document Hat
copy bo BAL team via CAPS
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The following aitachment is a printout of documents from the “ROCEY™ Task 4

database and the ChemRtisk document database satisfying the following search
critoring

“PARTICLE SIZE" OR “PARTICLE-SIZE" OR “EFFICIENC"

Faor the ROCKY database search, the sexrch was applied to either the title or the
daseription falda.

The ChamRisk desumant collection, from Phase I, has besn tranaferred to Phase 11
researchers. All documants Huted are in our possession and have besn reviewed.

Flaase contact Sue Rope [phans (208) 522-5387; FAX (208) 52367821 to provide
sdditionml information sources.
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Authar LEARY J.A. Date 06/01/51 Copy to SR

Title PARTICLE-SIZE DETERMINATION IM MADICACTIVE AEROSOLS BY RADIOAUTOGRAPH

Author ALERCIO J.8, AND J.H, Data 01/01/52 Copy to SR

Title EVALUATION OF ALPHA-PARTICLE ABSORPTION BY FILTER PAPER

Author SMITH W.J. AND N.F. Data 01/01/533 Copy to SR

Title PROPERTIES OF VARIOUS FILTERING MEDIA FOR ATMOSPHERIC DUST SAMPLING .

Author LIPPHANN M, AND W.B. Date 01/01/62 Copy ko 5K

Title SISE-SHLECTIVE SAMPLERS FOR ESTIMATING "RESPIRANLE® DUST CONCENTRATIONS |

Author ROBSON C.D. AND KIRK E. Date 10/01/62 Copy ke SR

Title EVALUATION OF AIR PARTICULATE SAMPLING EQUIPMENT

Author LOCHHART; L.B. JR.; Date 13/0L/82 Copy to 50

Titls INTERCALIBRATION OF SOME AIR MONITORIMG SYSTEMS

Author LINDEEEN C.L.; R.L. Date 01/01/63 Copy to SR

Titls COLLECTION EFFICIENCY OF WHATMAN 41 FILTER PAPER FORN SUBMICRON AEROSOLS

Author LOCKHAR? L.B. JR., R.L. Date 03/20/64 Copy to SR

Titls CHARACTERTSTIOS OF ATR PILTER MEDIA USED POR MONTTORING ATHBORME RADIOACTIVITY

Author KIRCHNER, R.N. Date 0B/01/66 Copy to SR IV

Titls A PLUTONIUM PARTICLE SIZE STUDY IN PRODUCTION AREAS AT ROCEY FLATS:

Buthor ANONYMOUS Data 01/01/70 Copy to SR PARTS T0: EM MC

Titls QUESTIONS CONCERNING THE MAY 11, 1969 FIRE AND NOEMAL OPERATIONS

Author ANGNYMOUS Date 01/01/10 Copy to SR PARTS T0: KM MC <

Titls QUESTIONS CONCERNING THE MAY 11, 1068 FIRE AND WORMAL OFERATIONS

Author 'HIDY G.M. ET AL, Date 06/01/70 Copy to 5R

Titls QESERVATIONS OF AEROBOLS OVER NORTHEASTERM COLORADG

Buthor MATHAMS, M.W.; MOLLAMD, Data 10/13/71 Copy to SR MM

Titls THE SITE DISTRIBUTION AMD PLUTONIUM CONCENTRATION OF PARTICLES PROM THE ROCKY
FLATS AREA,

Muthor VOLCHOK, M.L.; M. ENUTH, Datae 01/01/72 Copy to MC SR CR FILES

Titls pLUTONIUM IN THE WEIGHRORHOOD OF ROCEY FLATS, COLORADO: ATRRORNE RESPIDABLE
PARTICLES

Author WOLCHOK, MW.L.; KNUTH, pDate 01/01/72 copy to 5R

Titls PLUTONTUM IN THE NEIGHBORHOOD OF ROCEY FLATS, COLORADD: ATRBORNE RESPIRABLE
PARTICLES

kuthor HAYDEN J.A. Data 08/04/7) Copy te SR

Titls TRACKING PLUTONIUM AT ROCKY-FLATS

Author KREY, P.W. KNUTH, Date 05/01/74 Copy to SE THW MC HEM D3

Title INTERRELATIONS OF SURFACE ATR CONCENTRAATIONS AND SOIL CHARACTERISTICS AT ROCKT
FLATS

Author HAYDEN J.A. Data 08/05/74 Copy te SR MC HRM

Title CHARACTERIZATION OF ENVIROMMENTAL PLUTONIUM BY WUCLEAR TRACK TECHNIQUES, SPEECH

s/ 22/85
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SEHMEL G.NA. Date 02/0177% Copy_to CRISK FILES: 58

4 POSSIBLE EXPLANATION OF APPARENT ANOMALOUS ATRBORNE COMCENTRATION PROFILES

r‘ Author MAY E.H., M.P. rm‘ﬂmr Date 01/01/76 Copy ko SR

Titls SAMPLING TRCHNIQUES FOR LARGE WINDBORNE PARTICLES

Author HARNER ©.J. Date 01/12/76 Copy ke SR

Fitle SpECIAL STUDY OF PLUTONIUM IN AHBIENT AIR

Author BARRICK C.W, Date 01/21/76 Copy to HRM

Titls pUOZ PARTICLE SIZE DISTRIBUTION IN SOTLS

Autbor BARKER O.J. Data 03/08/78 Copy to 58

Titls gpECIAL STUDY OF PLUTONIUM IN AMBIENT AIR

Auther BARKER C.J. bate 04/01/76 Copy te SR

Titls SPECTAL STUDY OF PLUTONIUM IN AMBIENT AIR

huthor  JOHNSON C.J.0 R.®, Date 08/01/76 Copy to SR

Titls prUTOWIUM HAZARD IN BESPIRASLE GUST OM THE SUAFACE OF THE SOIL

Aethor SEHMEL G.A. Date 05/01/76 Copy to SR AR NEM DS

Titles AIRBORME 23880 AND 239 PU ASSOCIATED WITH LAAGER THAM "RESPIRABLE® REEUSPENDED
PARTICLES AT FOCKY FLATS DURING JULY 1973

Author J. A. HAYDEM Date 11/03/76 Copy to

Ticla PARTICLE SIZE ANALYSIS--FILTERS FROM 707 BUILDING

Author PATTENDEN K.J. AND R.D. pats 01/01/77 cCopy_teo SR

Title uE PARTICLE SIZE DEFENDENCE OF THE COLLECTION EFFICTENCY OF AN EWVIRONMENTAL
AEROSOL SAMPLER

huthor HCDOWELL W.J.: F.G. pate 01/01/77 Copy te SR BV

Titla pPENETRATION OF HEFA-FILTERS BY M-'I-H-I RECOIL AEROSOLS

Author WEODING J.B., A.R. Dats 01/01/77 Copy te SR

Titls LARGE PARTICLE COLLECTION CHARACTERISTICS OF AMBIENT AEROSOL SAMPLERS

Mukhor MAYDEN J.A. Date 09/22/77 Copy to SR HNM PV o

Titls TRACK ANALYSIS FILTER 771C 8/26/77

Author MCDOWELL, L.M.; WHICKER, Dwte 01/01/78 Copy o MC SR

Titlam SIZE CHARACTERISTICE OF FLUTONIUM PARTICLES IN ROCKY FLATS BOIL

Author SEREMEL, G.A. , MEYER, pData 01/01/78 Copy e SR

Titls PLUTOMIUM CONCENTRATIONE IN ATRBOANE SOIL AT ROCKY FLATS AND HANFORD DETERMINED
DURING RESUSPENSION EXPERIMENTS B

Author FEELY, H.W. Date 01/13/78 Copy_to SR

Title JNFORMATION CONCERNING EML AIR FILTER SAMPLES FPROM ROCKY FLATS PLANT SITISI .

Auther WEDDIRG, J.8.: CARNEY, Oata 06/01/78 Copy to SR

Title pETEAMINATION OF SAMPLING EFFECTIVENSS OF ROCKY FLATS BI-VOLUME SAMPLER AND
FILTRATION EFFICIENCY OF MICROSOABAN-98 FIBER FILTER.

Author OLSEN, R.L,; HAYDEN, Date 01/01/75 Copy ke SR HAM

Title S0IL DECONTAMIMATION AT ROCKY FLATS

05/22/ 99
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Author AGARWAL J.K. AND B.Y.H. Date 03/01/80 Copy to SR

Title A CRITERION FOR ACCURATE AERCSOL SAMPLING IM CALM AIR

Author LIU B.Y.W AMD D,Y.M. PUI Date 01/01/81 Copy te SR ¢

Titls AZROSOL SAMPLING INLETS AND INHALARLE PARTICLES

Author HUNT D.C. AND J.D. SURLEY Date 07/10/81 Copy_to SR PARTS 10 HAM

Title HEALTH, SAFETY AND ENVIRONMENT DEPARTHENT, ENVIROKMENTAL SCIENCES BRANCH,
PROGRESS REFORT FOR JANUARY-JUNELGEO0

Author WEDDING, J.G, Date 08/01/81 Copy to SR

Title NIND TUNWEL CHARAOTERIZATION OF SIERRA HIGH-VOLUME SAMPLER WITH CYCLONE
PRECLASSIFIER INLET

Muthor LANGER G. Date 12/28/81 Copy to SR HRM

Title pUST TRANSPORT. WINDELOWN AND MECHANICAL RESUSPENSION

Author HUNT D.C. Date 06/14/82 cCopy to SR:IN CHEMAISK FILES, INEL

Title ENVIRONMENTAL SCIENCES BRANCH SEMIANNUAL PROGRESS REPORT JANUARY-JUNE 1981

Muthor WALRAVEN D.J, Date 09/01/82 Copy to SR

Titls HEALTH HAZARD OF PLUTONIUM ENRICHED SOIL AT ROCKY FLATS

Author LANGER G. Date 01/01/83 Copy_to BR; HRM) GGK: AR; BV

Titla  ACTIVITY, SIZE, AND FLUX OF RESUSPENDED PARTICLES FROM ROCKY FLATS BOIL

Auther HONT D.C, Date 04/22/8) Copy to IN CHEMAISK FILES, RF READINC

Titls ENVIRONMENTAL SCIEMCES BAANCH SEMIAMWUAL PROGRESS MEPORT FOR 1881, JULY THROUG
DECEMEER,

Author HRODES C.E. ET AL, Date 04/01/85 Copy to SR

Titla p FIELD COMPARISON OF PM10 IMLETS AT FOUR LOCATIONS

Author WEDDING J.B. ET AL, Data 0E/01/83 Copy to SR

Title COMMENT ON "A FIELD COMPARISON OF PM10 IMLETS AT FOUR LOCATIONS®

Author MILFORD J.8. AND C.I. Date 12/01/85 Copy te SR

fitle THE SIZES OF PARTICULATE TRACE ELEMENTS IN THE ATMOSPHERE-—A REVIEW

Author PARICIO M.L. Dats 01/01/66 Copy_to AR SR (PARTS)

Titls a COMPARISON OF METHODS POR DEMOMSTHATING COMPLIANCE WITH 40 CFR 60 SURDART H-
THE HATIOHAL EMISSIONS STANDARD FOR RADIONUCLIDE EMISSIONS FROM DEPARTHMENT OF
EMERGY FACILITIES- AT THE ROCKY-FLATS-PLANT.

Author LANGER G. Date 01/01/86 Copy to CHEMRISK FILES; SR;AR;GGE

Titls WICROPHYSICE OF FLUTONIUM RESUSPENSION FROM PRAIRTE GRASS COVERED SOIL

Author DAY S.A. bate 02/17/88 Copy teo SR

Titls [DETEAMINATION OF TOTAL ALPHA DISINTEGRATIONS USING A 2-PI PROPORTIONAL COUNTER

Author LANGER G, ' Data 05/01/87 Copy to SR

Title EVALUATION OF PM-10 COMMERICAL INLETS FOR NEW SURVEILLANCE ATR SAMPLER

Author LANGER G. Date 09/10/87 Copy te SR (& IN INEL-LIB)

Title APPLICATION TECHNOLOGY PROGRESS REPORT: EVALUATION OF PM-10 COMMERCIAL INLETS

DEVELOFMENT OF AN INLET FOR NEW ROCKY FLATS PLANT SURVEILLANCE AIR SAMPLER.
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Author WVIMCENT J.H. Date 01/0L/89 Copy_to SR PV

Titls AEROSOL SAMPLING, SCIENCE AND PRACTICE

Author VINCENT J.H. ET AL, Date 01/01/90 Copy to SR

Titla AEROSOL INHALABILITY AT HWIGHER WINDSPEEDS

Author MROED B.J. BT AL Date 11/01/80 Copy_te SR

Titls ROCKY FLATS PLANT AMBIENT AIR MONITORIMG NETWORK: ASSESSHMENT OF SAMPLING

EQUIPHENT AND AMALYTICAL PROTOCOL

Aothor GARLAND J.A. AND XK.MW. Dats 01/01/91 Copy to SR

Title A REVIEW OF METHODS FOR SAMPLING LARGE AIRBORNE PARTICLES AND ASSOCIATED
RADIOACTIVITY

Author LARSEN A. Dats 02/01/52 Copy ks SR

Titla SECTION 7.17 "ATR SAMPLINMG FILTERS"™ IN HASL PROCEDURES MANUAL

Author NININGER, R.C. AND B.J. pData 04/23/83 Copy to SR

Titls DEVELOPMENT OF AN AMBIENT ATR SAMPLER THAT SATISFIES ROCKY FLATS PLANT HONITORIN
EEQUIHEMENTS

Author TERRY, E.W. Date 11/03/93 Copy to PV SR HiM

Titls ATA MONITORING DATA TAELES, 1592-1993

Author HIGLEY K. A. Dats 08/36/04 Copy to SR HEM PV DS
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ID 193

CL AC/08/01/70/0/193

TI Plutonium in Soil Around the Rocky Flats Plant
AU Krey, P. W. and Hardy, E. P.

DT August 1, 1970

NTS 903 Pad; 57 Fire; Particle Size

CCAC; RE

TY Health and Safety Laboratory

NU HASL-235

ID 223

CL 1P/03/21/73/0/1223

Tl Comments on AEC and Dow Chemical Company Statements Regarding Proposed

Plutonium Soil Standards

AU Martell, E. A.

DT March 21, 1973

NTS Martell, E. A.; CCEIl; Pu-Soil; Soil Standards; Resuspension; Particle Size; Public Relations
CCIP

TY RFEMF

ID 478

CL RE/08/00/66/0/478

TI1 A Plutonium Particle Size Study in Production Areas at Rocky Flats
AU Kirchner, R. A.

DT July-August 1966

CCCH

TY American Industrial Hygiene Association Journal

NU J003797

ID 689

CL RE/02/27/73/0/689

Tl Particle Size Analysis - Sample Taken from Size Reduction Area Building 776
AU Hayden, J. A.; Baker, H. M.

CCRE

NU 60-13282-RR-061

$

ID 690

CL RE/12/22/76/0/690

TI Particle Size Analyses, Smear Samples 776 Building (11-6-76)
AU Hayden, J. A.

DT December 22, 1976

CCRE



NU 60-13212-RR-010

$

ID 691

CL RE/11/02/76/0/691

Tl Particle Size Analyses, Filters from 707 Building October 2, 1976
AU Hayden, J. A.; Fraser, J. K.; Murri, R. L.

DT November 2, 1976

NTS Airborne Effluents

CCRE

TY 60-13212-RR-009

NU 00005380

$

ID 758

CL IN/03/23/70/0/758

TI Letter to Mr. H. W. Church Regarding CCEI Report
AU Lee, W. H.

DT March 23, 1970

NTS Particle Size (Mishima)

: 1969 Fire

CCIN

 EN

NU J003524

$

ID 776

CL RE/11/00/79/0/776

TI Plutonium and Beryllium Plenum Filter Loading Estimates for Accidental Stack Release Calculations
AU Langer, G.

DT November 1979

NTS Beryllium; Emergency Response; Filter Efficiency; Filter Fires; Filter Plenum Inventory;
Plutonium

CCRE

NU ES-376-80-213

$

ID 875

CL RE/00/00/64/0/875

TI Plutonium Aerosol Particle Size Distribution in Room Air
AU Andersen, B. V.

DT 1964

CCRe

TY Health Physics Pergamon Press

NU Volume 10, pp. 899-907

$

ID 1033

CL RE/00/00/00/0/1033

TI Filter Efficiency Studies RFP-3650

AU Langer, G.



DT Unknown

NTS Airborne Effluents

CCRE

$

ID 1074

CL EN/10/00/71/0/1074

T1 The Size Distribution and Plutonium Concentration of Particles from the Rocky Flats Area
AU Nathans, M. W.; Holland, W. D.; Shaw, H. C.
DT October 1971

NTS Particle Size; Soil Particle Size; Resuspension
CCEN; MO

NU 0007779

$

ID 1092

CL RE/05/17/74/0/1092

Tl Particle Size Anaysis, Building 771 Effluent Air; Environmental Studies Service Report
AU Hayden, J. A.

DT May 17,1974

NTS Airborne

CCRE

NU 00005382

$

ID 1094

CL RE/11/29/72/0/1094

Tl Particle Size Anaysis - 776 Building Effluent Air
; Product and Health Physics Research Service Report
AU Hayden, J. A.

DT November 29, 1972

NTS Airborne Effluents

CCRE

NU 00005386

$

ID 1095

CL RE/Q7/17/72/0/1095

Tl Particle Size Analysis - PuO2 in Building 776 Effluent Air Using the Fission Track Method; Product
and Health Physics Research Service Report

AU Hayden, J. A.

DT July 17, 1972

NTS Airborne Effluents

CCRE

NU 00005387

$

ID 1096

CL RE/00/00/61/0/1096

Tl Particle Size Studies on Plutonium Aerosols

AU Moss, W. D.; Hyatt, E. C.; Schulte, H. F.



DT 1961

NTS Airborne Effluents; Particul ates

CCRE

TY Health Physics

NU Volume 5, pp. 212-218

$

ID 1121

CL EN/0V/15/79/0/1121

Tl Waste Management of Actinide Contaminated Soil (Internal Report - Not
Cleared for Publication)

AU Navratil, J. D.; Thompson, G. H.; Kochen, R. L.

DT January 15, 1979

NTS Particle Size Studies

CCEN

TY CRD79-016

$

ID 1167

CL ACJ/00/00/78/0/1167

T1 Determination of Sampling Effectiveness of Rocky Flats High-V ol Sampler
AU Wedding, James B.

DT 1978

NTS Efficiency Air Sampling

CCAC

$

ID 1171

CL MO/00/00/76/0/1171

T1 Resuspension of Plutonium: It's Particle Size Distribution in Sail
AU Unknown

DT 1976

CCMO

$

ID 1175

CL RE/02/20/70/0/1175

TI Status Report on Plutonium Particle Study

AU Woodard, R. W.; Bramlet, H. L.; Nau, R. J.; Peck, D. M.

DT February 20, 1970

NTS Exhaust Duct; 1969 Fire; Cascade Impactors; Filter Efficiency
CCRE

$

ID 1178

CL RE/07/00/74/0/1178

TI Plutonium Aerosol Size Characteristics

AU Elder, J. C.; Gonzales, M.; Ettinger, H. J.

DT July 1974

NTS Plutonium; Particle Size; Building 707; Building 771; HEPA Filters
CCRE



TY Health Physics Pergamon Press

NU Val. 27 (duly), pp. 45-53

$

ID 1197

CL RE/06/25/84/0/1197

TI Health, Safety and Environmental Sciences Semiannual Progress Report for
1982 January - July, Rocky Flats Report 3650

; Quality Assurance - Filter Efficiency Studies

AU Hunt, Douglas C.

; Campbell, George W.

DT June 25, 1984

NTS Filter Effluents

CCRE

TY RFP-3650

$

ID 1223

CL EN/06/14/82/0/1223

TI Environmental Sciences Branch Semiannual Progress Report, January-June 1981 ( RFR-3325)
AU Hunt, Douglas C.

DT June 14, 1982

NTS modelling; resuspension; ecology; radioecology; filter efficiency; dust-transport; dispersion
modelling

CCEN

NU RFP-3325

$

ID 1247

CL RE/11/00/92/0/1247

T Determination of Particle Size Distribution and Composition of the Effluent Air Emissions from
Building 559

AU Nininger, R. C.; Osborne, W. E.

DT November 1992

DE Attachment 1

CCRE

TY 93-RF-2657

$

ID 1254

CL RE/00/00/63/0/1254

TI Collection Efficiency of Whatman 41 Filter Paper for Submicron Aerosols
AU Lindeken, C. L.; Morgin, R. L.; Petrock, K. F.

DT 1963

NTS collection efficiency

CCRE

TY Health Physics Pergamon Press

NU Val. 9, pp. 305-308

$



ID 1256

CL RE/00/00/64/0/1256

TI Surface collection Efficiency of Large-Pore Membrane Filters
AU Lindeken, C. L.; Petrock, F. K.; Phillips, W. A.; Taylor, R. D.
DT 1964

NTSfilter efficiency

CCRE

TY Health Physics Pergamon Press

NU Val. 10, pp. 495-499

$

ID 1258

CL RE/12/24/86/0/1258

T Ambient Air Quality in Uranium Production Areas

STI HS& E Application Technology Semiannual Progress Report January 1985 Through June 1985
AU Langer, G.

DT December 24, 1986

NTSfilter efficiency; Whatman 41; Uranium

CCRE

TY RFP-3990

$

ID 1271

CL RE/11/00/92/0/1271

Tl Determination of Particle Size Distribution and Composition of the Effluent Air Emissions from
Building 559

AU Nininger, R. C.; Osborne, W. E.

DT November 1992

CCRE

TY 93-RF-2657

$

ID 1286

CL EN/10/11/73/0/1286

T1 Analysis of Outdoor Soil by Fission Track Methods

AU Hayden, J. A.

DT October 11, 1973

NTS particle size; plutonium; distribution; soil particles

CCEN; MO

NU 00006381

$

ID 1287

CL EN/09/24/74/0/1287

TI Letter to Phil Krey Regarding the Particle Size of Plutonium in the Rocky Flats Soil
AU Hayden, J. A.

DT September 24, 1974

NTS particle size; plutonium; soil; distribution

CCEN; MO

NU 00006416



$

ID 1289

CL RE/02/09/72/0/1289

T1 Analysis of Particles Collected Near the Incinerator During a Contamination Incident
AU Hayden, J. A.

DT February 9, 1972

NTS incinerator; particle size; electron microscope; fission tracks

CCRE; IN

NU 00006783

$

ID 1290

CL EN/06/04/76/0/1290

T1 Telephone Call Between Tamura and Hayden Regarding Tamura's Results on
Association of Plutonium with Particular Particle Size of Soil at Rocky Flats
AU Hayden, J. A.

DT June 4, 1976

NTS particle size; soil; plutonium; distribution; Carl Johnson

CCEN; MO

NU 0007799

$

ID 1291

CL EN/03/30/76/0/1291

T1 Analyses of Wind-Blown Soil from Plowed Field in the Buffer Zone - February
Samples

AU Hayden, J. A.; Bokowski, D. L.; Froser, J. K.

DT March 30, 1976

NTS particle size; plutonium; resuspension; soil

CCEN; MO

NU 00006372

$

ID 1309

CL EN/01/21/81/0/1309

TI Environmental Studies Group Progress Report for 1979

AU Hunt, D. C.

; Hurley, J. D.

DT January 21, 1981

NTS collection efficiency; sediment sampling; soil sampling; resuspension; emission rates;
epidemiology; exposure pathways; filter media

CCEN

TY RFP-3115






